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Previous experimental and theoretical  studies by the author (Hapke and 

VanHorn, 19638 Hapke, 1963) of surfaces which r e f l ec t  l i g h t  l i k e  the moon 

strongly support the  hypothesis t h a t  the lunar surface i s  covered with a layer  

of f i n e  rock dust. 

state, having a bulk density of the order of one-tenth tha t  of so l id  rock, 

The material i n  t h i s  layer  i s  i n  an extremely uncompacted 

Such photometric studies can give information concerning only the upper- 

most centimeter or so of the lunar s o i l ,  

observations indicate  tha t  extensive areas of the moon may be covered t o  depths of 

many meters by a substance which is also much l e s s  dense than sol id  rock, 

the radar r e f l ec t iv i ty  of the lunar surface Evans (1962) infers a d i e l ec t r i c  

constant of K = 2.7 , while Troitsky (1962) estimates 

of radio thermal observations, 

meteorites and of t e r r e s t r i a l  rocks range from about 4 t o  45 (Fensler, etg9 

1962) it i s  clear tha t  the lunar so i l  i s  qui te  underdense t o  a t  l e a s t  depths t o  

which 

of 10 wavelengths i n  the 

suspect t ha t  the underlying materials might be ident ical  with those exposed a t  the 

surface, Such deep layers  of dust  would be i n  accord with the suggestions of Gold 

(1955 and 1963). 

However, analyses of radio frequency 

From 

K = I06 on the basis 

Since the d i e l ec t r i c  constants of stoney 

RF radiation can penetrate; Troitsky estimates t h i s  depth t o  be of the order 

1-100 c m  wavelength range, It i s  very reasonable t o  

It i s  sometimes argued t h a t  since the materials appear t o  be so much l e s s  dense 

than rock or  sand it is  not possible t h a t  they  could be finely-pulverized rock dust, 

It i s  the  purpose of t h i s  note t o  report the  r e su l t s  of measurements on t e r r e s t r i a l  

powders, which show tha t  f i n e  dust r e s i s t s  compaction suf f ic ien t ly  w e l l  so t ha t  a 

layer of rock powder of considerable depth on the moon could maintain i tself  i n  the 

low density state t h a t  seems t o  be required by the radio observations. 

measurements were performed by Mrs. J. Morris i n  the authores laboratory, 

These 

A sample of dunite (Jackson County, N. Car.) was ground i n  a i r  t o  an average 

p a r t i c l e  s ize  less than l o p  e As discussed i n  the previous paper (Hapke and 

Van Horn, 1963), f o r  grains of t h i s  size the adhesive surface forces  act ing between 



grains a r e  greater than t h e  weight of the g r a i n s  and strongly influence the packing 

properties of the material. The rock dust was baked i n  an argon atmosphere a t  

750° C f o r  17 hours i n  order t o  remove a l l  superf ic ia l  layers of grease and 

water, 

400 mesh screen into a cylinder of 1" diameter u n t i l  a depth of 1/2" was 

b u i l t  up. 

dust. 

pressure, 

The sample was then cooled t o  room temperature and s i f t ed  through a 

A piston of the same diameter a s  the cylinder was used t o  compact the 

The change i n  density of the material w a s  measured a s  a function of applied 

A t  all times the sample remained i n  an argon atmosphere, 

The data  so obtained was then integrated numerically, assuming hydrostatic 

equilibrium and lunar gravity, t o  give the compressive s t r e s s  and density prof i les  

of a hypothetical lunar s o i l  i n  which the pressure a t  any depth i s  equal t o  the 

weight of the overlying layers  and which has packing properties similar t o  the 

dunite, 

atmosphere saturated with H20 vapor fo r  21 hours p r io r  t o  measuring i t s  

resistance t o  compression. 

baking o r  exposing to  water vapor. 

these samples, 

Figures 1, 2, and 3. 

A second sample of baked dunite was s i f t ed  and then placed i n  an 

A t h i rd  sample was  s i f t e d  Lnd measured without e i the r  

Lunar s o i l  p rof i les  were also calculated f o r  

The r e su l t s  of these measurements and computations a r e  s h m  i n  

It is of in t e re s t  t o  note t h a t  the adsorption of water vapor onto the dunite 

grains evidently resulted i n  a cementing action which strengthened the bonds between 

grains and thus increased the  resis tance t o  compaction of the material. 

The ef fec t  of strengthening the in te rgra in  forces i s  a l so  i l l u s t r a t e d  by 

similar measurements on Portland cement. Ordinary commercial Portland cement 

powder was s i f t e d  i n  a i r  a t  room temperature i n t o  the  cylinder and exposed t o  

water vapor f o r  varying times p r io r  t o  measuring i t s  compressibility. 

and the corresponding lunar  s o i l  p ro f i l e s  are given i n  Figures 4, 5, and 6 

This data  
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These measurements show tha t  i f  some sort of process i s  operative on the moon 

which can transport  f i ne  dust from higher areas and deposit it gently i n  depres- 

sions, t h e  resul t ing sediments could be uncompacted to  appreciable depths. The 

e l ec t ros t a t i c  transport mechanisms proposed by Gold (1955 and 1962) would be i n  

the  category of such processes, Impacts of meteorites of the order of milligram 

masses and la rger  would probably tend t o  compress the dust,  so t h a t  the actual  

density prof i le  of the lunar sediments would depend on the flux of such meteorites 

r e l a t ive  t o  the transport  rate.  

The data f o r  the dunite is especially relevent since the lunar surface may 

consis t  of ul t rabasic  rocks of composition similar t o  dunite. 

a t  the  surface of a dunite-like lunar deposit the bulk density would be about 

0,3 g/cc and would increase t o  about 0.5 g/cc 

foot; due t o  the weight of overlyfnglayers the density would continue t o  

increase with depth u n t i l  a t  IC0 fee t  below the surface it i s  about 1,O g/cc, 

As Figure 3 shows, 

a t  a depth of the order of one 

Increasing the intergrain forces a l l o w s  the dust  t o  support a greater pressure 

without compacting, and thus a lower bulk density would be maintained t o  greater 

depths on the moon, 

There are several reasons f o r  believing t h a t  intergrain bonds a re  stronger 

on the moon than i n  the laboratory: 

(1) 

and t o  the sputtering action of solar  corpuscular radiation. 

Thus the surfaces of t he  par t ic les  i n  the top layers of the s o i l  

w i l l  be largely free of contaminating f i l m s  and the adhesive 

The pa r t i c l e s  on the  moon have been exposed t o  high vacuum 

e f fec t s  w i l l  be enhanced. 

(2)  

other undisturbed f o r  long periods of t i m e  and it is possible 

Par t ic les  under the  top layers  w i l l  have been touching each 

tha t  surface diffusion w i l l  a l l o w  a l imited amount of cold- 

s inter ing t o  take place. 
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(3) 

continuously outgassing from the in t e r io r  of the moon, and 

adsorption of these substances on the grains w i l l  increase t h e  

bond strength i n  the manner demonstrated, 

(4) 

micrometeoritic impacts and sputtered by solar  corpuscular 

radiation will also increase the bonding. 

would probably cause the lunar  sediments t o  be ra ther  crtmchy. 

Volatile substances, such as water vapor, are undoubtedly 

Recondensation a t  the bond sites of matter vaporized by 

These e f f ec t s  

Firsoff (1961) has objected t o  a covering of finely-pulverized dust on the 

moon on the grounds t h a t  the thermal conductivity of rock powder i n  vacuo might 

be too low. 

lunar  surface the heat t ransfer  properties of the lunar  dust w i l l  clearly be 

strongly affected by the area of real contact between the  dust grains, 

thermal conductivity can very l i k e l y  be increased by a t  l e a s t  an order of 

magnitude by the same processes which w i l l  increase the  intergrain bonds. 

Firsoff ' s  objection has no validity.  

However, a t  the r e l a t ive ly  low temperatures which prevai l  on the 

The 

Hence 

Extensive, deep deposits of dust on the lunar  surface appear t o  be compatible 

with all the radio-frequency, infra-red and opt ical  observations of the  moon which 

have been obtained t o  date. A t  present these observations are insuf f ic ien t  t o  

decide between models of t he  lunar surface which suppose it t o  consis t  of rock 

foam o r  similar porous materials covered with a th in  layer  of dust and those which 

assume tha t  deep deposits of rock powder are prevalent. e 
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CAPTIONS FOR FIGURES 

Figure 1. Density a s  a function of normal pressure f o r  dunite rock flour. 

Figure 2. Compressive stress as a function of depth below the surface f o r  

hypothetical lunar dunite soi ls .  

of overlying layers  which the layer  a t  a given depth i s  bearing,, 

Th i s  f igure shows the weight 

Figure 3. Bulk density as a function of depth below the surface f o r  

hypothetical lunar dunite soils, 

Figure 4. Density versus normal pressure f o r  commercial Portland cement 

powder. The times next to the curves a re  t h e  duration of 

exposure of the sample t o  H20 vapor pr ior  t o  compression,, 

Figure 5 ,  Compressive stress versus depth below the surface for  hypo- 

the t i ca l  lunar cement soils,, The 10 hour curve was obtained 

by interpolat ing the data of Figure 4., 

Figure 6. Bulk density versus depth below t h e  surface f o r  hypothetical 

lunar cement soils, 
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Figure  3 
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